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NOVA Classification System – (C. Monteiro et al. 2010)

NOVA 

Processed  Food

class designations:

non-processed, minimally processed, processed, ultra-processed

Processing Intensity Increase

NOVA criteria 

for belonging 

to a class:

main criteria:  addition of sugar, salt, saturated fats, additives

FORMULATION (recipe)

???

NOVA - Main Problems 1 & 2 :  

Confusion of Formulation (F) & Processing (P) and missing quantification of F & P

1.1   Identification of NOVA key issues - Task Force



FOOD MANUFACTURE FOOD INTAKE

Raw material   Processing Food Product  Consumption     Obesity & NCCD 

Food 

Value 

Chain

Digestion /

Metabolism

Food Impact 

Correlation

empirical (observational studies) 

non-evidence based correlation

BUT:

formulation &

processing confused

non-quantitative

classification base

point of classification @
Point of Purchase (POP)

(WEAK base !)

NOVA - Main Problem 3: weak correlation of food classification with obesity/NCCD risk
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NOVA Frame

1.1   Identification of NOVA key issues 
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- Task Force

The following differentiating DEFINITIONS were decided by the task force:

Formulation (F) : 

“Systematic selection of relative quantities of ingredients for a food product”

Processing (P) : 

“Treatment of a food material to achieve a desired effect" 

2.1   Definitions of Formulation and Processing
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• CONSUMER aspects

  -  Preference 

     (sensory, convenience)
 

  -  Acceptance (safety, affordability 

     /price, sustainability other socio-

     political aspects)

  -  Needs (nutrition and health)

     =>  Consumer PAN profile

• Hierarchic arrangement

      of structure building blocks

     -  on molecular to macro 

         length scales

     -  within characteristic time 

        scales determining struc-

        turing kinetics

• Processing Principles  

•  Unit Operations

PROCESS

S-PRO2

structure-property

functions

PROCESS ENGINEERING 

TRACK

PROcess makes Structure;

Structure encodes PROperties

Processing is targeted to product property generation by structure modulation

- Task Force
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E. Windhab 2008

FORMULATION

2.2  Causal Differentiation of Formulation versus Processing



OUTLINE3.1   Classification procedure and target food property quantification - Task Force

Nutrition

Value (NV)

Important (Processed) Food Properties (FP)

Safety Sustainability Palatability Affordability Convenience

Food Product Classification

Point Of Classification (POC)

harvest processing-steps point of purchase point of consumption digestion-steps metabolic response

POP

Extended Food Value Chain

PS1 PSn
…

POL

point 

of

living

Classification 

Parameter(s) (CP)

CPPS1 CPPOPCPPSn CPPOL

e.g.:obesity,

NCCD (risk)

CPM1

e.g.: nutrient

bio-availability

CPD1

e.g.: nutrient

bioacessibility

e.g.: nutrients’ concentrations (s. nutrition profiling)
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Nutrition Value Quantification by Nutrition Profiling Methods

e.g.: (1) Nutri-Score (France), (2) Health Star Rating (AUS, NZL),

        (3) Nutrient Rich Food Index (NRF)

portion

base

LIM

NR

5 -14

…

3

NRF9.3100kcale.g

Range:   ca. -200 to +300

Properties: adaptability (flexibel)

Coupling: enery density, nutrient 
  density, costs,…

= NR9 – LIM3

A. Drewnowski (2017)

Erich J. Windhab

SFA

 mi/mDVi  mi/mMAVi

NR9100 kcal = 1-9 (mnutrient i / mDVi) / Si · 100

LIM3100 kcal = 1-3 (mnutrient i / mMAVi) / Si ·100

mDVi    =   mass of Daily Value   

mMAVi =  maximum accepted value

3.1   Target food property quantification 
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System

(Process)

E1, M1 E2, M2

E2 – E1 = E

M2 – M1 = M

nutrition value 

impact of

FORMULATION

(NRF9.3)1
(NRF9.3)2

measured for

ingredients 

BEFORE 

processing

measured for

ingredients 

AFTER 

processing
NRF9.3

nutrition value 

impact of

PROCESS

PROCESS ANALYSIS:   (Quasi-) Equilibrium considerations  &   Analyses by balance equations 

• enery balance E

• mass balance M

Erich J. Windhab

3.2   Quantification of F & P impacts on the Nutrition Value
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1.   Defining the FORMULATION-based Nutrition Value

  NRF9.3100 kcal  =   NR9100 kcal - LIM100 kcal 

(i)    NR9100 kcal = 1-9 (mnutrient i / mDVi) / Si · 100    

       denoting 9 nutrients recommended per serving (weight), mDVi = mass of Daily Value (nutrient i),  Si  = calories per serving 

(ii) LIM3100 kcal = 1-3 (mnutrient i / mMRVi) / Si ·100   

       denoting (3) nutrients to be limited per serving (weight); mMRVi =  mass of maximum recommended value (nutrient i)

2.   Defining the PROCESSING-based impact on the Nutrition Value

       NRFx.y   =   NRFx.y after processing – NRFx.y before processing

3.   Coupling of NRF & NRF:
      Constituting the nutrition value related Formulation and Processing Food Index FPFIN

      FPFIN     =    [ (NRF9.31 + 2NRF9.3) / A ] – B  
       

      A, B = scaling constants adjustable to the Classification Matrix Diagramm (CMD) suggested for graphical representation       

Erich J. Windhab

3.2   Quantification of F & P impacts on the Nutrition Value



- Task Force Erich J. Windhab3.3   The Classification Matrix Diagram (CMD)

Formulation :  NRF9.3100 kcal
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Food product data:

Food and Nutrient 

Data Base for Dietary

Studies (FNDDS);

USDA Agricultural 

Research Service

(2023 /24)

Erich J. Windhab

3.3   The Classification Matrix Diagram (CMD)
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3.3   The Classification Matrix Diagram (CMD)
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NRF*x.y.z 100kcal     =   NR*x 100kcal  -  LIM*y 100kcal   -  AN*z 100kcal 

 

NRF*x.y.z 100kcal   =   NR*x 100kcal  -  LIM*y 100kcal  -  AN*z 100kcal 

FORMULATION:

PROCESSING:

Erich J. Windhab

3.4   EXTENSIBILITY of the IF&PC scheme

 ANz100 kcal = 1-z (mantinutrient i / mMTi) / Si · 100)      

were  mMTi denotes the maximum tolerated mass of the considered anti-nutrient and Si 

stands for calories / 100g portion 

Consideration of Anti-Nutrients (e.g. phytate / phytic acid,…) 
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Formulation :  NRF9.3100 kcal  & NRF*9.3.1100 kcal 

75
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  0
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Formulation (material): 

pea seeds => pea protein isolate

(e.g. for meat alternative production)

Processes:

(1)  alk. extraction / precipitation 

      (phytate inactivation considered)

(2)  extrusion & autoclaving

        (phytate inactivation considered)

(3)  alk. extraction / precipitation

      (phytate inactivation not considered) 

- Task Force
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3.4   EXTENSIBILITY of the IF&PC scheme

Example: Phytate inactivation



FOOD MANUFACTURE FOOD INTAKE

Raw material   Processing Food Product  Consumption     Obesity & NCCD 

Food 

Value 

Chain

Digestion /

Metabolism

Food Impact 

Correlation

improved but still empirical

NOVA Frame

NRF2
NRF

NRF1

IUFoST Task Force
Frame

NOW:

formulation &

processing differentiated

and impacts quantified

=>
strong 2-dimensional F & P

classification base

IUFoST

Formulation 

&

Processing

Classification
IF&PC

scheme

- Task Force
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=>

R&D on causal/functional relationships 

(including food matrix structure influence 

on nutrient release/transformation kinetics 

and resulting bioacessibility/bio-availability)

3.5   Derivation of NOVA refinement suggestions
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• there are several essentially relevant

    property characteristics of processed 

    food products beside the nutrition value

• opimizing one can mean trade offs for
    (some of) the others

Food Property

Characterisics

Erich J. Windhab

3.6   Transferability of IF&PC scheme for various food properties
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Energy-/Volume-con-

sumption for satiation

EC-Sat or VC-Sat 

EC-Sat; VC-Sat

eating/mastication speed ES ES     

Erich J. Windhab

Nutrition Value

3.6   Transferability of IF&PC scheme for various food properties



4.   Summary / Task force recommendations and outlook- Task Force

(a)   Systematic studies should consider interactions between food components / ingredients and processes 

and quantify NRF and RNRF values systematically following the IF&PC scheme approach. 

(b)  The IF&PC scheme should be systematically checked and validated based on various formulation and 

processing scenarios and modifications / improvements be implemented. 

(c)  Complementary studies should look at interactions between additives and processes and also study 
eating behaviour and matrix effects impacting on nutrient release and digestion kinetics. 

(d)  A revised definition of “Formulation or Process-Induced Health Risk Foods” needs to first identify the 

harmfulness of processing treatments and/or single, specific ingredients using reliable health biomarkers, 

and by conducting dose–response relations to identify thresholds.

(e)  An international balanced panel of experts from food science/engineering, nutrition, and medicine should 
be gathered to draft the future IF&PC/NOVA food classification version, and subsequently there should be a 

hearing phase to receive suggestions for improvements. 

(f)  Close R&D collaborations between food science, food engineering, biological chemistry, clinical nutrition, 

public health and toxicology researchers and those involved in regulatory and quality sciences should be 

encouraged and setup. IUFoST and IUNS are particularly encouraged to initiate such collaborations. FAO, 
CODEX Alimentarius and UNIDO should be invited to join.

(e) Collaborations should in future also include industrial partners (food producers, food processing 

developers, and equipment manufacturers). 

Erich J. Windhab



QUESTIONS ???

Lilia Ahrné, Denmark

Hongda Chen, USA

Jeyakumar Henry, Singapore

Hyun-Sook Kim, Korea

Barbara Schneeman, USA

Aman Wirakartakusumah & Judith Meech (IUFoST) 

Thank you

for your attention !
Task Force
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